The present work was carried out in three successive seasons from 2014 to 2016.at Sakha Experimental Station at Kafr El-Sheikh Government, Agricultural Research Center. Four cotton genotypes i.e., Giza 94, Uzbekstan1, TNB and BBB as (lines) which were crossed to two genotypes i.e., CB 58 and Giza 45 as (testers) by using the mating design line x tester. General (GCA) and specific (SCA) combining abilities and their effects as well as heterosis and heritability were estimated in parents, F 1 's and F 2 's populations for the traits, yield and its components and fiber properities to define the best parents and crosses to be used in breeding programs to improve cotton traits. Giza 94 x CB 58 gave the highest mean performance values in F 1 's for seed and lint cotton yields/ plant, fiber length and its uniformity while, for boll weight in both F 1 's and F 2 's crosses for the cross of Uzbekstan1x CB 58 had the highest mean performance value in F 2 's crosses for seed and lint cotton yields/ plant while for the cross BBB x CB 58, it gave the highest mean performance in both F 1 's and F 2 's crosss for lint %. All the tested crosses showed significant positive mid-parent heterosis. SCA variances were higher in magnitude as compared to the GCA ones. The nonadditive gene effects were larger in magnitude than the additive ones and revealed the major role in the heredity of all traits under studying. The two crosses Giza 94 x CB 58 and BBB x Giza 45 ranked first in this respect. The line Giza 94 and, the tester Giza 45 had the best ranking as combiners for almost traits. The estimated proportion contributions of used lines were higher in magnitude than those of both testers and lines by testers interactions for the following traits: seed cotton yield/ plant, fiber length and Uniformity ratio; while testers proportion contributions were higher than those estimated for lines and lines by testers interactions for boll weight, lint % and fiber strength. The higher value of broad-sense heritability (99.0%) was recorded for the trait seed cotton yield /plant and the lower value (26.12 %) was recorded for fiber length in F 2 . Heritability estimates in narrow-sense ranged from 0.25 -29.31 % for uniformity and lint %, respectively. The cross Giza 94 x CB 58 could be used in breeding program for improving seed and lint cotton yields due to both parents. Giza 94 and CB 58 varieties were first in ranking as combiners for yield and its component. In addition the hybrids BBB X CB 58 and Uzbekstan1 X CB 58 could be used for improving the same traits because one of the involved parents was good combiner.
INTRODUCTION
Unless improved methods are proposed to transfer the useful genes from diverse germplasm to the planted ones, Egyptian cotton germplasm stocks will remain limited. Breeders rely on genetic variance among parents involved in crossing to introduce unique genetic combination necessary for producing new superior genotypes. The analysis of line x tester is important system provide the genetic information which helps the breeder in choosing the suitable method for his breeding material. Therefor, understanding the genetic architecture of the breeding cotton materials has a great interest to select the desirable germplasm to be involved in an efficient breeding program aiming for fast buck and maximum genetic improvement in the productivity and fiber quality traits of cotton plant. El-Hashash (2004) found that the dominance genetic variances were higher than the additive ones for yield and yield components and useful mid and better-parents heterosis were recorded in most yield and yield components traits. Ali (2006) found highly significant differences among all the tested genotypes for the studied traits, significant positive mid-parents heterosis values were found for most of the studied traits over all crosses. While, significant negative better-parent heterosis values were observed for most studied traits over all crosses. Tang et al., (2008) Studied crosses between high quality cultivars as females and transgenic Bt cotton as males by NCII design. They denoted that heritability in narrow sense for fiber length and micnaire value, by 61.9% and 61.4%, respectively. Darweesh (2010) found that mid-parent heterosis was positive and highly significant for, seed and lint cotton yields/plant, lint %, boll weight, number of bolls/plant and seed index. Moreover, Al-Hibbiny (2011) found useful mid and better-parents heterosis for almost of the studied cotton traits. Wajid et al (2011) recorded that the general (GCA) and specific (SCA) combining abilities mean squares were significant for number of bolls/plant, seed cotton yield and lint %. The GCA variances were higher than SCA ones that reflects the greater importance of additive genes than non-additive in inheritance of such traits in addition to lint index. Lingaswamy et al., (2013) studied the importance of general and specific combining ability variances in cotton crosses and recorded the more important role of additive and non-additive gene action for the studied traits and consequently clarified their importance for the inheritance of seed cotton yield and its components. Gibely et al (2015) found high heritability values for seed cotton and lint cotton yields and moderate value for boll weight.
The present research was done to evaluate some genetic estimates (heterosis, combining ability, gene action and heritability) for the traits: yield, yield components and fiber quality properties in the Egyptian cotton.
MATERIALS AND METHODS
The present study was conducted at Sakha Experimental Research Station, Agric. Res. Center Kafr ElSheakh Government, Egypt, during 2014 , 2016 seasons. The genetic materials (genotypes) used in this work comprised six cotton genotypes; Giza 45 and Giza 94 belong to Egyptian cotton, in addition to Usbakstan1, TNB, BBB and CB.58. All genotypes are belonging to Gossypium barbadense. Pure selfed seeds of all genotypes were obtained from Cotton Research Institute, Agriculture Research Center, Giza, Egypt. In the first season 2014, selfed seed of these genotypes were grown according to line x tester mating system. The four genotypes G.94, Usbekstan1, TNB and BBB were used as lines (females). While, the two genotypes CB 58 and G. 45 were used as testers (males) to produce the hybrid seeds of eight F1's crosses. In the second season 2015 the six parents and eight F1's crosses seed were grown and selfed at flowering period to produce the F2's seeds. In the third season 2016 the six parents, eight F1's seeds and their F2's seeds were sown in three replications of the randomized complete block design. Each plot contained three rows. Hills were 35 cm apart within rows and one seedling was left per hill. All normal cultural practices were followed for the individual plants during the 
Fiber traits
• Fiber lengths in millimeter at 2.5 % span length; fiber fineness expressed as Micronaire reading; fiber strength expressed as (Pressley index) values and uniformity ratio estimated from the following equation: 50 % span length X 100 / 2.5% span length. All fiber properties estimated in this study were kindly measured in the laboratories of fiber cotton technology division, CRI, ARC, Egypt.
Statistical analysis
The analysis of variance was performed according to Singh and Chaudhary (1979) to determine the significance of differences among genotypes (including crosses and parents). When differences are found significant, line x tester analysis can be performed.
According to Kempthorne (1957) , in line x tester analysis using broad base genotypes as a tester; the general combining of lines is tested as in the top cross method because the line x tester analysis is an extension of this method where several testers are used. Therefor, to evaluate the materials used in this study, means and variances of genotypes (crosses and parents) for the studied traits were estimated. Statistical procedures used were done as described by Cochran and Cox (1957) .
The means significant was canculadet by (L.S.D). Heritability was determined in both broad (h 2 b%) and narrow (h 2 n%) senses according to Allard (1960) 
RESULTS AND DISCUSSION
The analysis of variance for the six parents and their F1's and F2's crosses are presented in Table ( 1). The data cleared that the mean squares of genotypes, parents, and their F1's and F2's crosses were highly significant except F1's for boll weight, which indicating that the genotype variability and genetic materials were valid to proceed further analysis. The mean squares of the interaction between parent and hybrids, as an indicator to vigor heterotic effect for all hybrids, was significant or highly significant for most of the studied traits for F1's and F2's except for boll weight in F1's, F2 indicating that the variance due to the heterosis clarify the wide range of heterosis values among the hybrids for studied traits. Further partitioning of crosses mean squares i.e. line x tester analysis indicated that the difference due to both lines and testers were highly significant for most traits. The contribution of line x tester interaction were significant for all studied characters for F 1 's and F 2 's except boll weight in F 2 's indicating that the two testers did not rank to theis mean performance according to the performance of their crosses.
Mean performance of parents and their F 1 's and F 2 's crosses for traits under study are presented in Table   ( 2). The mean performance values of parents showed differences with range of (2.9-3.23), (155.89-200.76), (57.26-80.53), (36.19 -40.11), (3.64-4.33), (10.13-10.51), (33.36-36.45 ) and (85.12-87.49) for boll weight, seed cotton yield/plant, lint cotton yield/plant, lint %, fiber fineness , fiber strength , fiber length and uniformity index, respectively. The differences among genotypes confirmed the genetic variability existed among these genotypes for the following traits; boll weight, number of bolls/plant, seed cotton yield/ plant, lint cotton yield/ plant, lint%, fiber fineness, fiber strength, fiber length and uniformity ratio. This variance cleared that different genetic background among the studied cotton genotypes.
The line Giza 94 had the highest mean performance value for seed cotton yield/plant, lint cotton yield/ plant and Lint %, while line BBB had highest mean performance values for boll weight. Tester CB.58 had the highest mean performance for boll weight, lint cotton yield/ plant and Lint % while tester Giza 45 had highest mean performance values seed cotton yield/plant. Moreover, Giza 94 x CB.58 gave the highest mean values in F 1 's for seed cotton yield/ plant, lint cotton yield/ plant, fiber length and uniformity index, while in both F 1 's and F 2 's crosses for boll weight. The cross of Uzbekstan1x CB 58 had the highest mean performance value in F 2 's crosses for seed cotton yield/ plant and lint cotton yield/ plant and the cross BBB x CB.85 gave the highest mean performance value in both F 1 's and F 2 's crosses for lint %.
Heterosis over the mid-parent (M.P) and better parent (B.P) for all studied traits were presented in Table ( 3). The hybrid Giza94 x CB 58 had highly significant and positive heterotic effect to mid-parent (M.P) and better-parent (B.P) for seed cotton yield/plant and lint cotton yield/plant, while in mid-parent (M.P) for boll weight. For the cross Uzbekstan1x Giza 45, had highly significant it was positive heterosis relative to better parent (B.P) for seed cotton yield/plant while significant for lint cotton yield. For the cross TNB x Giza 45 it gave highly significant positive heterotic effect to better-parent (B.P) for boll weight.
Regarding to the cross BBB x Giza45 it gave highly significant positive heterosis relative to mid-parent (M.P) and better parent (B.P) for seed cotton yield/plant and lint cotton yield/plant and, also had significant positive mid-parent (M.P) heterosis for boll weight, while it showed highly significant negative heterotic effect to Better-parent (B.P) for boll weight.
Regarding to fiber fineness most of crosses showed highly significant and positive heterosis relative to mid-parent (M.P) and better-parent (B.P) while the crosses Uzbekstan1x CB 58, BBB x CB 58, BBB x Giza 45 and as well as the cross TNB x CB.58 cleared significant negative heterosis relative to better parent (B.P). For Fiber strength all crosses showed highly significant and positive heterosis relative to mid-parent (M.P) and better-parent (B.P), for fiber length, all hybrids had highly significant positive heterosis relative to midparent (M.P) except TNB x Giza45 that was not significant, while three crosses only for better-parent (B.P) Giza 94 x CB 58, Uzbekstan1 x CB 58 and TNB x CB 58. Regarding to uniformity index cleared heterotic effect to mid-parent (M.P) except Uzbekstan1x Giza 45 and TNB x Giza 45. (4) concerning partitioning of genetic component, indicated that, the component of variation due to SCA was higher than GCA for all traits in each of F 1 's and F 2 's indicating the predominance of non-additive gene action. These results concluded that the used materials had high selection history. On the other hand, GCA/ SCA ratio was less than unity for all studied traits, indicating that SCA variance was more important than GCA variance. This indicates the predominantly non-additive gene action for all traits in F 1 's and F 2 's. The obtained results are in harmony with those previously reached by Ali (2006) and El-Agamy et al. (2008) . Results concerning the narrow and broad sense heritability are clarified in Table (4) . These results revealed that broad sense heritability (h 2 b%) estimates were larger in magnitude than its values of the narrow sense heritability (h 2 n %) for all of the studied traits. The highest broad sense heritability estimate in F 1 noticed for the trait seed cotton yield/ plant that gave (99.00%) and the lowest value (0.00) was for boll weight in F 2 , on the other hand, narrow sense heritability, ranged from 0.25% to 28.73% in F 1 for uniformity index and lint%, respectively. Al-Hibbiny (2004) found that values of heritability was 90 -83% in broad sense for boll weight and seed index respectively. Gibely et al (2015) found high heritability value for seed and lint cotton yields and moderate value for boll weight.
Table (5) showed the general and specific effects, Data in Table ( 5) showed that the estimates of general combining ability (GCA) effects were significant and highly significant for most studied traits. The results revealed that Giza94 was positive and significantly greater GCA for, seed cotton yield/ plant , lint cotton yield/ plant and lint% , Fiber length and Uniformity index than the other parents, that these cultivars are good donors for improving this trait, while tester CB.58 had positive and significant general combining ability for lint cotton yield and lint% .Giza 94 x CB.58 showed positive and highly significant specific combining ability values SCA for seed cotton yield/ plant , lint cotton yield/ plant and Fiber length.
Thence, it could be concluded that selection procedures based on the accumulation of additive effects would be effective in improving these traits. But, selection advance procedures that are known to be effective in shifting gene frequency when additive variances are involved should be maximized. The results were harmony with that we obtained by Heba Hamed et al. (2015) . The Proportion contributions of lines and tester in their genetic variation were illustrated in Table ( 6), the results showed that the proportion contributions of strains were higher than these of testers and lines x testers interaction for the traits seed cotton yield/ plant, fiber length and uniformity ratio whereas, lines x testers interaction proportion contributions were higher than lines and testers for the traits boll weight, Lint %, fiber fineness and fiber strength. While, testers proportion were higher than those of lines and lines x testers for lint cotton yield/plant. Heba Hamed et al., (2015) found that proportion contribution of line contribution were importance than than tester and lines x testers contributions for all studied characters. While AlHibbiny (2011) found that proportion contribution of lines x tester interaction was higher than lines and testers for all studied characters, except lint percentage. 
